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Abstract: This article is aimed at exploring the relationship between physical asset management (PAM)
practices and sustainability performance. A framework of interrelated constructs was developed based
on the existing literature and consequently tested through empirical study. Survey data were collected
from organizations operating in six European countries (i.e., Greece, Poland, Slovakia, Slovenia,
Sweden, and Turkey) and analyzed using Partial Least Squares Path Modeling (PLS-PM). The results
offer support for the proposed hypotheses, showing that PAM practices positively influence the
sustainability performance outcomes, namely economic, environmental, and employee-related social
performance. Overall, this study demonstrates that a PAM framework can be conceptualized by
four sub-constructs, namely physical asset risk management, physical asset performance assessment,
physical asset lifecycle management, and physical asset policy and strategy. Finally, this study
brings to light some theoretical and managerial implications as well as directions for future research.
The findings of the study underscore PAM areas in which managers should focus on in order to
optimize costs, performance, and risk exposures concerning the physical assets, and therefore enhance
sustainability performance.

Keywords: physical asset management; ISO 55001; maintenance; sustainability performance; research
model; SEM—PLS

1. Introduction

Organizations continuously search for new ways to improve performance and to get maximum
return on their investments, i.e., physical assets. Indeed, appropriate management of physical assets
is essential, especially in organizations where physical assets are the foundation for their success [1].
As such, over the last two decades, the demand for an effective physical asset management (PAM) has
grown [2]. Since its advent, ISO 55000:2014 [3] and EN 16646:2014 [4] have also been important topics
concerning the management of physical assets. Correspondingly, prior studies have emphasized the
importance of taking a holistic view on managing physical assets [5].

The asset manager of today faces many challenges, such as the need to achieve sustainable
development goals (i.e., social, economic, and environmental goals) [6], as well as the more
conventional technical and economic goals. Furthermore, organizations should recognize the
importance of risk management as well in order to use the best available technologies in the PAM
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process [7]. PAM has received considerable attention as having an important role in the management
of the lifecycle of an asset as a whole, pursuing economic and physical performance, integrating risk
measures, addressing the PAM within broader strategic and human perspectives, especially with
the objective of improving both efficiency and effectiveness of resources [5]. An interdisciplinary
approach should be applied in order to manage PAM effectively, particularly by bringing together
traditional disciplines such as accounting, engineering, finance, humanities, logistics, and information
systems technologies [1]. Our primary objective is to understand the performance implications of
PAM utilization. This study draws on the assumption that PAM, which represents a systematic and
structured process covering the whole lifecycle of physical assets (i.e., machinery and equipment),
enhances sustainability performance. The concept of sustainability plays an important role in asset
management. The reason for this lies in the fact that there exists a strong link between effective
deployment of PAM and long-term sustainability—from the economic, environmental, and social point
of view [3]. In support of this statement, it was evidenced in the literature (e.g., Valkokari et al. [8];
Lucato et al. [9]) that manufacturing has an enormous impact on all aspects of sustainable development.

Although PAM has recently been receiving considerable attention from researchers and
practitioners, there is still a lack of research in this field. Therefore, while many studies have highlighted
the importance of physical asset management, to the best of our knowledge none of the prior
studies has explored the link between PAM and sustainability performance. As such, studies on
PAM covering these aspects are rather limited. Most prior studies were devoted to defining the
field of physical or engineering asset management (e.g., Amadi–Echendu et al. [5]), exploring the
use of physical asset management practices in industry (e.g., Emmanouilidis and Komonen [10]),
proposing models for managing the lifecycle of physical assets (e.g., Schuman and Brent [11]), or physical
asset management implementation (e.g., Roda and Macchi [12]; Maletič [13]; Maletič et al. [14]).
More recently, Alsyouf et al. [15] emphasized the necessity to identify and apply asset management key
performance indicators to assess the impact of ISO 55000:2014 on organizational performance.

As such, it is pertinent to note that while literature provides a lot of theoretical evidence to
support the argument that an organization can benefit from PAM practices, there is still lack of
empirical support for this notion. Although studies (e.g., Alsyouf et al. [15]) such as those explained
above imply that the effective management of assets plays an increasingly important role in improving
performance outcomes, there is still a lack of empirical evidence to support this, especially with regard
to the sustainability performance. Therefore, we intend to contribute to the literature by empirically
verifying the mechanisms through which PAM can contribute to the sustainability performance.

In responding to this research gap, this paper develops a research framework and provides
empirical evidence supporting the relationship between PAM and sustainability performance.
The remainder of the paper is organized as follows: First, we develop hypotheses concerning the
relationships between PAM and sustainability performance. Second, we demonstrate the research
methodology and the results of this study. Finally, we discuss the theoretical and practical implications
of the study.

2. Theoretical Background and Hypotheses Development

Prior to discussing the literature review on the relationship between PAM practices and
sustainability performance, it is necessary to highlight the theoretical underpinning that stems
from the resource-based theory upon which the research model is built on. During the last two
decades, much research has been carried out to identify new competitive drivers and issues that are
of significance for the performance outcome [16]. The concept of competitive advantage has been an
extensively researched area in the management literature. For instance, Porter [17] postulates two types
of competitive advantage, namely cost leadership and differentiation. Furthermore, different theories
have been proposed in this field. One of them is the resource-based theory (RBT) [18]. The RBT has
also recently received attention in the field of PAM [16]. As pointed out by Al-Najjar [19], a company
should use its valuable and rare resources efficiently and effectively to achieve performance excellence.
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2.1. Physical Asset Management Policy and Strategy

PAM considers the entire lifecycle of an asset, from its design to its final disposal. As indicated
by ISO 55001:2014 [3], top management should establish an asset management policy to provide the
framework for setting asset management objectives and to continuously improve the asset management
system. The asset management system supports an organization to manage the risks and costs of
the assets, in a structured, efficient manner that supports continual improvement and ongoing value
creation [3]. As such, these holistic views of asset management reflect the general movement in
engineering circles to emphasize the importance of physical asset management rather than just asset
maintenance to focus on the bigger picture of lifecycle asset assessment, including strategy, risk
measurement, safety, and environmental and human factors [3]. As argued by Komonen et al. [20],
asset management should be a part of the overall strategic management. Authors also emphasized that
asset strategy is essential in order to manage physical assets over their lifecycle, taking into account
different internal and external factors (e.g., technology, market). As evident in ISO 55001:2014 [3],
asset management policy, objectives, and a strategic asset management plan (SAMP) are essential
elements of an asset management system. In order to gain benefits, an asset management system
should support the integration of asset management processes with other functions (e.g., quality,
safety, risk, etc.). Based on the above arguments, it is plausible to postulate that the appropriate asset
management policy, objectives, and strategy lead to better risk and lifecycle management of physical
assets. Further, to develop an approach of measuring physical asset performance, it is imperative
to have a well-formulated asset strategy. Accordingly, Parida [21] highlighted the importance of the
linkage between business objectives and asset performance measurements. Hence, it is essential
that activities within asset management systems including planning, implementing, monitoring, and
review should be measured with appropriate performance indicators [22]. Therefore, on the basis of
these arguments we hypothesize:

Hypothesis 1a. Physical asset management policy and strategy is positively related to physical asset
risk management.

Hypothesis 1b. Physical asset management policy and strategy is positively related to physical asset
lifecycle management.

Hypothesis 1c. Physical asset management policy and strategy is positively related to physical asset
performance assessment.

2.2. Asset Risk Management

Prior studies on risk management mainly explored enterprise risk management in relation
to supply chain management (e.g., Wu and Olson [23]; Olson and Wu [24]). Several studies were
focused on risk management form the ISO standards perspective (e.g., Chiarini [25]). However,
effective risk management of industrial technologies is vital for organizations aiming to meet the
requirements in different areas of organization management (e.g., occupational health and safety,
accidents prevention, critical infrastructure, dangerous substances transportation, and environmental
or financial requirements) [26]. This means that risk management is an important element of any
asset management system. Hence, risk management is an inherent part of ISO 55001:2014 [3] as well.
According to the standard, asset-management-related risks must be considered in the organization’s
overall risk management approach. The above discussion suggests that incorporating risk management
into an organization’s processes brings potential benefits with regard to managing physical assets.
Accordingly, we hypothesize that:

Hypothesis 2. Physical asset risk management is positively related to physical asset lifecycle management.
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2.3. Physical Asset Lifecycle Management

It is widely recognized that physical asset management has an impact on various operational
measures when considering different stages of an asset lifecycle. For example, Haider, et al. [27] argued
that the design of an asset has a direct impact on its productivity, which is concerned with minimizing
the disturbances such as unplanned failure. Therefore, performance benefits can be reflected in terms
of creating and sustaining value during each phase of the asset lifecycle [28], as well as in achieving
factors such as quality, cycle time, employee skills, and productivity [29]. In this regard, Schuman and
Brent [11] provided a conceptual model for an asset lifecycle management to improve performance in
the process industry. Authors indicated that aspects of corporate sustainability should be considered
in asset lifecycle management. Furthermore, Labuschagne and Brent [30] highlighted the need to
integrate an asset lifecycle approach to achieve environmental performance. Additionally, the authors
emphasize the need to identify appropriate indicators to measure the impact of assets considering all
the lifecycle phases. Moreover, Chen et al. [31] proposed the concept of asset maintenance business
model innovation to form sustainable competitive advantages. Given that maintenance is one of
the main elements of the asset lifecycle, this implies the positive link between asset lifecycle and
environmental performance as one of the pillars of corporate sustainability. As such, we argue that
with the proper management of physical assets through the entire lifecycle of organizations could
benefit in terms of improving environmental performance. Therefore, we hypothesize that:

Hypothesis 3a. Physical asset lifecycle management is positively related to physical asset performance assessment.

Hypothesis 3b. Physical asset lifecycle management is positively related to environmental performance.

2.4. Physical Asset Performance Assessment

Considering the operations perspective, a business performance measurement system (PMS) is
regarded as a set of metrics used to quantify the efficiency and effectiveness of actions [32]. It has been
argued that more advanced approaches of PMSs have been proposed (e.g., Kaplan and Norton [33]),
which include financial and non-financial performance measures, as well as explain cause-and-effect
relationships between the various measures, and provide better insight in terms of links between PMS
and an organization’s strategy. In relation to manufacturing, prior research has largely investigated
maintenance performance measurement (e.g., Muchiri, et al. [34]; Parida and Chattopadhyay [35]).
Recently, the importance of performance measurement has also been highlighted in the field of
asset management assessment [21,22]. Therefore, performance measurement is of key importance for
improving the efficiency and effectiveness of physical asset handling processes [14]. Accordingly,
several authors (e.g., Searcy [36]) have emphasized that the measuring, monitoring, and evaluating of
sustainability performance (i.e., environmental, economic, and social performance) is crucial for its
improvement. As indicated by Klassen [37], environmental management plays an essential role in the
economic performance of the company. The authors explained that profitability could be affected by the
higher production costs of environmental management initiatives. While environmental performance
is a more understandable concept, social performance measurement remains an evolving debate in
the literature [38]. However, employee-related social aspects (e.g., turnover, employee satisfaction,
and motivation) have been vastly explored in the literature (e.g., Hancock et al. [39]; Harter et al. [40];
Ramlall [41]), especially in relation to the performance outcome of the company. As in any management
system, an asset management system should provide a framework for establishing an appropriate
leadership, clear defined goals and objectives, strategy, plans, commitment, and support for the
organizational stability, etc. It has been shown that these elements influence social aspects, such as
turnover, employee satisfaction, and motivation [42,43]. Based on the above arguments, the following
hypotheses have been developed:
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Hypothesis 4a. Physical asset performance assessment is positively related to environmental performance.

Hypothesis 4b. Physical asset performance assessment is positively related to employee-related social performance.

2.5. Physical Asset Management and Sustainability Performance

Sustainability performance appears to be one of the most influential concepts for managing
modern businesses. Adopting a sustainability-oriented holistic view to the area of industrial assets
is essential for successful business operations [44]. When transferring the notion of sustainability to
the business level, it can be accordingly defined as meeting the needs of an organization’s direct and
indirect stakeholders without compromising its ability to meet the needs of future stakeholders [45].
In fact, sustainability is a broad and very challenging approach often conceptualized in terms of
the “triple bottom line” (TBL) [46], which implies that organizations will create more value over
the long run if they take into consideration environmental, social, and economic issues [45]. PAM is
ultimately accountable to TBL in business reporting in terms of economic, environmental, and social
responsibilities [28]. Several past studies (e.g., Garetti and Taisch [47]; Ratnayake and Markeset [48])
have reported that in the context of industrial assets, the impact on sustainability is substantial.
Using PAM, sustainability could be achieved through effective management of short- and long-term
performance and costs, allowing the organization to consistently meet or exceed the performance and
social responsibility expectations to satisfy the needs of stakeholders [3]. As reported by Ratnayake
and Markeset [48], ineffective PAM leads to serious health, safety, and environment (HSE) and
financial consequences. Furthermore, it has been evidenced in prior studies (e.g., Duijm et al. [49]) that
profitability increases by improving availability and accident prevention (preventing loss of production
and loss of human or capital resources).

Nowadays, organizations are under rising pressure from their stakeholders to recognize the
impact of exploiting assets on the sustainable performance over their lifecycle [50]. Several studies
(e.g., Surroca et al. [51]; Endrikat et al. [52]) have provided evidence demonstrating that environmentally
and socially responsible activities lead to enhanced economic performance.

We, therefore, build on a premise that the integration of environmental and social aspects
into the PAM framework could benefit organizations in terms of economic performance. Therefore,
we hypothesize:

Hypothesis 5. Environmental performance is positively related to economic performance.

Hypothesis 6. Employee-related social performance is positively related to economic performance.

3. Sample and Data Collection

A questionnaire survey was utilized as a data collection method [53]. Data used in this study were
collected using a large-scale web-based survey conducted by five universities which participated in
this international research project. Prior to collecting the data, a survey coordinator was appointed at
each participating university, mainly to: (a) assess the content validity of the measurement instrument
(i.e., questionnaire) and (b) coordinate the process of data collection.

The data used in this study were obtained from a project conducted by a team of international
researchers. With respect to study design procedures, a survey instrument was mailed to target
respondents, followed by a reminder, especially to increase the response rate. In administering the
survey, a cover letter was sent to each organization with the request that the questionnaire should
be completed by a manager who has major operations responsibility and is competent concerning
the organization’s PAM practices and estimating performance outcomes. The project collects data
from a sample consisting of organizations from the production environment and those dealing with
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assets (e.g., mining, retail services). As such, these industries provide a good setting for research on
PAM. The size of an organization was not restricted. Nevertheless, it should be emphasized that this
study merges all countries into one sample to provide a cross-country comparison. The selection of
organizations was made through the website and business registers, as well as through e-mail addresses
obtained by each of the participating universities’ contact databases. In total, 138 questionnaires were
completed and thereby included in the analysis, yielding a 13% response rate. This sample size is
considered acceptable given the sample size of studies on asset (e.g., Emmanouilidis and Komonen [10])
and maintenance (e.g., Simões, Gomes, and Yasin [54]) management. The questionnaire was responded
to by organizations that were located in Slovenia (31.9 % of total respondents), Poland (34.1 %),
Greece (16.7 %), Sweden (6.5 %), Turkey (5.8 %), and Slovakia (5.1 %).

Regarding the number of employees (following the guidelines of the Statistical Office of the
Republic of Slovenia), the greatest proportion of organizations that responded were medium-sized
organizations (51–250 employees) (31.3%), followed by organizations employing 251–500 employees
(21.7%), small-sized organizations employing 50 or less employees (17.4%), micro-enterprises having
five or fewer employees (12.2%), and organizations employing more than 500 employees (12.2%).

Table 1 illustrates the sample profile based on Slovenian Standard Industrial Classification Codes
(SIC). According to the results, the majority of responses to the survey were from the manufacturing
industry (39.3%).

Table 1. Sample distribution by industry type.

Industry (Standard Industrial Classification) Share (%)

Agriculture, Forestry, and Fishing 1.7
Mining and Quarrying 6
Manufacturing 39.3
Electricity, Gas, Steam, and Air Conditioning Supply 2.6
Water Supply, Sewerage, Waste Management, and Remediation Activities 0.9
Construction 6.8
Wholesale and Retail Trade, Repair of Motor Vehicles and Motorcycles 16.2
Transportation and Storage 5.1
Accommodation and Food Service Activities 0.9
Information and Communication 3.4
Financial and Insurance Activities 0.9
Other 16.2
Total 100

3.1. Measures

The instrument used in the present study consists of two major parts. The first part comprises
four sub-constructs measuring PAM, and the second part comprises three sub-constructs measuring
sustainability performance. The scales items used in this research are developed based on a
comprehensive literature review. In order to assure consistency between the construct and its
conceptualization, experts reviewed all items. Experts give suggestions to improve, drop, or keep the
items. They also offered suggestions to add additional items as well. Prior to the survey mail out,
the questionnaire was tested in a company form asset-intensive industry, particularly to obtain feedback
regarding the clarity of the questions. Items for measuring PAM and sustainability performance are
presented in Appendices A and B.

3.1.1. Physical Asset Management Construct

The main themes used to describe PAM in this study are in compliance with the ISO 55001:2014 [3]
standard. It is deemed necessary to emphasize that the PAM construct was designed to capture
all the main aspects of an asset management system. As mentioned above, four sub-constructs for
measuring PAM are used in this study, namely PAM policy and strategy, physical asset risk management,
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physical asset lifecycle management, and physical asset performance assessment. Items for measuring
these sub-constructs were derived from past studies on PAM [10,13,55] and quality management [56,57].
The scale of physical asset risk management incorporated six items assessing the use of risk assessment
and the analysis of the relevant working areas. It is the requirement of the ISO 55001:2014 [3] that
asset-related risk should be addressed. The physical asset performance assessment scale includes
nine items measuring activities for monitoring and analyzing data related to asset management
activities. As such, we have focused on all relevant asset information. The scale of physical asset
lifecycle management comprises six items assessing activities for managing assets through the entire
lifecycle. The importance of this aspect has been well-noted in the literature on PAM [11]. Lastly,
PAM policy and strategy incorporated four items assessing top management activities. In accordance
with ISO 55001 [3], a SAMP (often referred as an asset management strategy) is documented information
that specifies how organizational objectives are converted to asset management objectives, addresses
the approach for developing asset management plans, and defines the role of the asset management
system. We capture these elements with the measures used in the aforementioned sub-construct.

3.1.2. Sustainability Performance Construct

The sustainability performance was operationalized with three dimensions covering the aspect of the
TBL. Items for each sub-construct were identified based on a comprehensive literature review [42,43,58–61].
The effect of PAM deployment should trigger benefits in terms of performance outcome. As mentioned
previously, the main purpose of the ISO 55001 [3] standards is to provide guidelines for organizations for
building sound asset management systems to manage the risks and costs associated with assets and to
realize the value of an organization’s assets. Accordingly, several previous studies (e.g., Ratnayake [50])
emphasize that asset management supports the realization of value considering financial, environmental,
and social aspects. The sustainability performance construct measures these elements. First, the scale
comprised of five items reflecting dimensions of economic performance: return on investment (ROI),
return on assets (ROA), sales growth, profit growth, and market share. Second, the scale of an item’s
environmental performance includes three items measuring resource consumption, the percentage of
recycled materials, and waste ration. Third, the scale of employee-related social performance is comprised
of three items measuring turnover ratio, employees’ satisfaction, and employee’s motivation. The social
performance construct was operationalized from the perspective of the employees rather than to measure
it in general, wide-ranging terms of the social sustainability aspect.

4. Analyses and Results

4.1. Common Method Variance

Considering that the data for both the independent and dependent variables were collected from
a single respondent, one can argue that common method variance might be a potential problem [62].
In this respect, we utilized Harman’s single-factor test by performing exploratory factor analysis
(unrotated principal factor analysis) on all of the measured variables. According to the results, the total
variance for a single factor is 37.9%. Owing to the fact that the total variance is less than 50%, it is
advocated that common method variance is not an issue in our dataset.

4.2. Measurement Model Assessment

In order to assess both the measurement and structural models we utilized the Partial Least
Squares Path Modeling (PLS-PM) using the R package, plspm [63]. PLS-PM can be considered as a
method for analyzing multiple relationships between blocks of variables. Generally, a model that is
examined by the PLS-PM method constitutes of two sub-models; the structural model also known as
the inner model and the measurement model also known as the outer model. According to the Chin
and Newsted [64], this technique is applicable even under conditions of small sample sizes.
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Several analyses were performed to verify the suitability of the measurement model in terms of
reliability, convergent validity, and discriminant validity [65]. Considering the PLS-PM measurement
model (outer model) assessment, loadings and communalities were checked. Fundamentally, loadings are
considered as the correlations between a latent variable and its indicators. Furthermore, communalities
are represented by squared correlations, which measure the part of the variance between a latent
variable and its indicator [63]. The recommended threshold value for loadings is 0.7 [63]. The outer
model assessment results (loadings, weights, and communalities) for studied constructs are presented in
Appendices A and B. As evidenced by the results, the measurement model is suitable, concerning the
loading threshold criterion of 0.7. Additionally, cross-loadings were also checked to identify potential
traitor indicators [63].

The block unidimensionality was checked by the following indices: Cronbach’s alpha,
Dillon-Goldstein’s rho, and eigenvalues, see Table 2. It should be noted that the purpose of the Cronbach’s
alpha is to evaluate how well a block of indicators measure their corresponding latent construct [56].
According to the results, the Cronbach’s alpha values for each of the latent variables were above the
suggested value of 0.70 [63,65]. Additionally, composite reliability was assessed by Dillon–Goldstein’s
rho. As suggested by Sanchez (2013), the value of this index should be 0.7 or above to consider the
corresponding block as unidimensional. As shown by the results, Dillon–Goldstein’s rho values for all
the latent variables are above the recommended value of 0.7. Furthermore, eigenvalues were checked to
verify the unidimensionality. It is suggested [63] that the block is considered as unidimensional if the
first eigenvalue is larger than 2.

Table 2. Summary of the results regarding the block unidimensionality.

Mode MVs Cronbach’s Alpha Dillon–Goldstein’s rho eig.1st eig.2nd

Physical asset management policy and Strategy (LV1) A 4 0.835 0.891 2.69 0.732
Physical asset risk management (LV2) A 6 0.920 0.937 4.29 0.523
Physical asset lifecycle management (LV3) A 6 0.856 0.893 3.49 0.627
Physical asset performance assessment (LV4) A 9 0.916 0.931 5.4 0.744
Environmental performance (LV5) A 3 0.681 0.825 1.84 0.729
Employee-related social performance (LV6) A 3 0.673 0.822 1.82 0.733
Economic performance (LV7) A 5 0.846 0.891 3.11 0.715

(Notes. MVs—manifest variables (No. of items). A—reflective mode. eig.1st-first eigenvalue. eig.2nd–second eigenvalue.)

4.3. Structural Model Assessment

The results of the structural (inner) model assessment are summarized in Table 3, where the
variance (R2) for endogenous latent variables is also presented. As shown by the results,
26.1% of the variance in the “economic performance (LV7) “is explained by independent variables
(i.e., “physical asset lifecycle management (LV3)” and “physical asset performance assessment (LV4)”).
Furthermore, results suggest that 29.7% of the variance in “environmental performance (LV5)” is
explained by its independent variables. As observed by the results, the lower variance (10.1%) in the
“employee-related social performance (LV6)” in explained by the corresponding independent variables.

Moreover, average communality, illustrating the average of all the squared correlations between
each manifest variable and the corresponding latent variable scores in the model [66] are presented in
Table 3. According to the results, the highest value corresponds to the “physical asset risk management
(LV2)”, while the lowest value corresponds to the “physical asset lifecycle management (LV3)”
and “physical asset performance assessment (LV4)”. The mean redundancy, that is, the average
of the redundancy indices of the endogenous blocks [63] is also shown in Table 3. High redundancy
underlines the ability to predict; for example, “PAM policy and strategy (LV1)” predicts 35.62% of the
variability of indicators of “physical asset risk management (LV2)” block. Furthermore, the Goodness
of Fit (GoF) index could be calculated in terms of the geometric mean of the average communality
index and the average R2 value [67]. According to the results generated by the plspm function, the GoF
for our model is estimated to be 0.4761. The main shortcoming of the GoF index is the fact that there is
no threshold value that would essentially determine its statistical significance [63].
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Table 3. Summary of the results regarding the inner model assessment.

Type R2 Block Communality Mean Redundancy AVE

Physical asset management policy and strategy (LV1) Exogenous 0.000 0.674 0.0000 0.674
Physical asset risk management (LV2) Endogenous 0.499 0.714 0.3562 0.714

Physical asset lifecycle management (LV3) Endogenous 0.503 0.581 0.3032 0.581
Physical asset performance assessment (LV4) Endogenous 0.503 0.600 0.3199 0.600

Environmental performance (LV5) Endogenous 0.297 0.612 0.1815 0.612
Employee-related social performance (LV6) Endogenous 0.101 0.605 0.0609 0.605

Economic performance (LV7) Endogenous 0.261 0.622 0.1627 0.622

(Notes. AVE—Average Variance Extracted.)

Regarding the assessment of the validity of the structural model, the average variance extracted
(AVE) was used, particularly, to measure the amount of variance that a latent variable captures from
its indicators in relation to the amount of variance due to measurement error [63]. The results indicate
that AVEs for latent variables are above the recommended threshold of 0.5 [63].

Path analysis is further illustrated by testing the relationships among latent variables.
The assessment of structural model is performed by assessing the path coefficients, see Table 4
and Figure 1. According to the Sanchez [63], path coefficients represent the strength and direction of
the relations between the latent variables. The research model proposed in this study suggests that
there is a strong and positive link between “PAM policy and strategy (LV1)” and “physical asset risk
management (LV2)” (0.706). Moreover, “PAM policy and strategy (LV1)” also positively and directly
affects “physical asset lifecycle management (LV3)” (0.260) and “physical asset performance assessment
(LV4)” (0.407). Furthermore, “physical asset lifecycle management (LV3)” appears to have a direct
impact on “physical asset performance assessment (LV4)” (0.382) and “environmental performance
(LV5)” (0.286). “physical asset performance assessment (LV4)” also predicts the performance results,
namely it has an impact on “environmental performance (LV5)” (0.317) and “employee-related social
performance (LV6)” (0.181).

Table 4. Path coefficients.

Hypothesis Path Direct Indirect Total t

H1a LV1 → LV2 0.706 0.0000 0.7063 11.60 **
H1b LV1 → LV3 0.260 0.3543 0.6140 3.03 **
H1c LV1 → LV4 0.407 0.2347 0.6417 5.29 **

LV1 → LV5 0.000 0.3788 0.3788
LV1 → LV6 0.000 0.2035 0.2035
LV1 → LV7 0.000 0.2046 0.2046

H2 LV2 → LV3 0.502 0.0000 0.5016 5.85 **
LV2 → LV4 0.000 0.1917 0.1917
LV2 → LV5 0.000 0.2041 0.2041
LV2 → LV6 0.000 0.0608 0.0608
LV2 → LV7 0.000 0.1014 0.1014

H3a LV3 → LV4 0.382 0.0000 0.3823 4.97 **
H3b LV3 → LV5 0.286 0.1211 0.4069 3.07 **

LV3 → LV6 0.000 0.1212 0.1212
LV3→ LV7 0.000 0.2022 0.2022

H4a LV4 → LV5 0.317 0.0000 0.3169 3.40 **
H4b LV4 → LV6 0.317 0.0000 0.3171 3.90 **

LV4 → LV7 0.000 0.1977 0.1977
H5 LV5 → LV7 0.443 0.0000 0.4431 5.87 **
H6 LV6 → LV7 0.181 0.0000 0.1806 2.39 *

(Notes. ** statistically significant at the 0.01 level. * statistically significant at the 0.05 level).

Given the indirect effect, it can be observed that “PAM policy and strategy (LV1)” indirectly
through “physical asset risk management (LV2)”, “physical asset lifecycle management (LV3)”,
and “physical asset performance assessment (LV4)” influences the “environmental performance (LV5)”
(0.3788) and “employee-related social performance (LV6)” (0.2035). Subsequently, it can be observed
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that “PAM policy and strategy (LV1)” also affects “Economic performance (LV7)” indirectly via the
above mentioned latent variables (0.2046).
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Figure 1. Structural (inner) model with path coefficients. (Notes. ** statistically significant at the
0.01 level. * statistically significant at the 0.05 level).

Furthermore, a bootstrapping technique (1000 re-samples) was utilized to generate parameters’
estimates that enable the evaluation of the statistical significance for the relationships hypothesized
within the structural model [63,68]. The results of the bootstrap validation of the structural model are
shown in Table 5.
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Table 5. Results of bootstrap validation of the structural model.

Hypothesis Path Original Path
(Total Effect)

Mean
Boot Std. Error perc.025 perc.975

H1a LV1 → LV2 0.7063 0.7085 0.0510 0.5996 0.7958
H1b LV1 → LV3 0.6140 0.6167 0.0567 0.4993 0.7114
H1c LV1 → LV4 0.6417 0.6430 0.0494 0.5396 0.7324

LV1 → LV5 0.3788 0.3829 0.0615 0.2562 0.4963
LV1 → LV6 0.2035 0.2107 0.0529 0.1128 0.3115
LV1 → LV7 0.2046 0.2111 0.0405 0.1346 0.2915

H2 LV2 → LV3 0.5016 0.5012 0.0768 0.3385 0.6417
LV2 → LV4 0.1917 0.1912 0.0470 0.1018 0.2873
LV2 → LV5 0.2041 0.2023 0.0463 0.1168 0.2955
LV2 → LV6 0.0608 0.0627 0.0219 0.0258 0.1097
LV2 → LV7 0.1014 0.1019 0.0255 0.0580 0.1563

H3a LV3 → LV4 0.3823 0.3829 0.0799 0.2313 0.5365
H3b LV3 → LV5 0.4069 0.4078 0.0874 0.2327 0.5670

LV3 → LV6 0.1212 0.1259 0.0412 0.0534 0.2110
LV3→ LV7 0.2022 0.2053 0.0491 0.1142 0.3052

H4a LV4 → LV5 0.3169 0.3178 0.1181 0.0773 0.5348
H4b LV4 → LV6 0.3171 0.3277 0.0781 0.1705 0.4767

LV4 → LV7 0.1977 0.2056 0.0633 0.0888 0.3271
H5 LV5 → LV7 0.4431 0.4421 0.0708 0.2969 0.5750
H6 LV6 → LV7 0.1806 0.1917 0.0858 0.0228 0.3528

(Notes. Std. Error–Standard Error. perc.025-lower percentile 0.025. perc.975–upper percentile 0.975.)

As shown in Table 5, bootstrap intervals for all the path coefficients are non-zero. Hence,
our empirical results indicate that the structural model has an acceptable prediction and that all
hypothesized effects are positive and significant.

4.4. Control Variable—Size

Analysis of variance (ANOVA) was applied to examine whether company size matters when
explaining to what extent organizations deploy PAM practices. The ANOVA test results, see Table 6,
show a significant difference in the company size in terms of “physical asset risk management”
(ANOVA statistic F(4.042), p < 0.05), “physical asset performance assessment” (ANOVA statistic
F(4.736), p < 0.01), “physical asset lifecycle management” (ANOVA statistic F(3.775), p < 0.05),
and “physical asset management policy and strategy” (ANOVA statistic F(3.672), p < 0.05).

Table 6. Analysis of variance (ANOVA)—Summary of the results.

Number of Employees N M SD SE F

Physical asset risk management

6–50 20 3.5083 1.01231 0.22636

4.042 *
51–250 36 3.5370 0.68558 0.11426

251–500 25 3.8067 0.72597 0.14519
above 500 14 4.3095 0.62654 0.16745

Physical asset
performance assessment

6–50 20 3.0333 0.84627 0.18923

4.736 **
51–250 34 3.3889 0.82027 0.14067

251–500 25 3.6444 0.93404 0.18681
above 500 14 4.0873 0.71103 0.19003

Physical asset
lifecycle management

6–50 20 3.4400 0.93268 0.20855

3.775 *
51–250 34 3.8412 0.62237 0.10674

251–500 25 3.7840 0.75260 0.15052
above 500 14 4.2857 0.54752 0.14633

Physical asset management
policy and strategy

6–50 20 3.3000 0.99538 0.22257

3.672 *
51–250 36 3.5139 0.70949 0.11825

251–500 25 3.8200 0.73072 0.14614
above 500 14 4.0893 0.59329 0.15856

(Notes. ** statistically significant at the 0.01 level. * statistically significant at the 0.05 level. N = sample size;
M = mean; SD = Standard Deviation; SE = Standard Error of the Mean.)
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The Games–Howell post hoc testing revealed a significant difference between large companies
(above 500 employees) and medium-sized companies (51–250 employees) and small companies
(6–50 employees).

5. Discussion

The findings provide a number of insights into PAM. Although there has been a growing amount
of literature focused on PAM, little empirical evidence regarding the impact of PAM practices on the
sustainability performance has been presented. The subject is of great importance, especially if we
consider that PAM could contribute to gaining a competitive advantage [20].

This research investigates the relationship between PAM practices (consists of four sub-constructs,
namely physical asset management policy and strategy, physical asset risk management, physical asset
lifecycle management, and physical asset performance assessment) and sustainability performance.
More specifically, our research investigates the impact of PAM practices on environmental, social,
and economic performance. Accordingly, our results show that PAM has a significant relationship
with environmental, social, and economic performance. Therefore, the results of this research lend
strong support for the hypotheses and show that organizations can benefit from the implementation
of PAM practices. The findings of this research are in line with the research stream supporting the
notion that PAM contributes to a company’s performance [5,10,11,13,15,20,28,40,48], characterized by
sustainability performance. Further, the result shows that the size of an organization has an influence
on the perceived dimensions of the PAM practices. Considering the statements describing the distinct
PAM practices, it gives a clear indication that larger organizations are more aware of the importance of
developing, implementing, maintaining, monitoring, analyzing, and improving asset management
practices in order to support higher overall performance. It can be further explained because large
companies that operate in an asset-intensive industry are more prompt in searching the ways to
improve asset performance [11].

By and large, a proper SAMP represents an approach for organizations to implement
asset management principles [3] which are defined in asset management policy [69,70]. SAMP,
asset management policy, objectives, and plans form the asset management system, which can build a
solid base for organizations seeking to improve their performance [13]. Our results support this by
providing empirical evidence of a positive relationship between physical asset management policy and
strategy with other elements of physical asset management construct. Indeed, our findings indicate
that by establishing the right SAMP, companies could benefit in terms of costs, performance, and risk
concerning their physical assets. Indeed, a recent study of Alsyouf et al. [15] showed that companies
implementing an asset management system could achieve these benefits.

Further, our results are consistent with studies arguing that risk management is an essential element
in managing industrial assets [5,16]. In conjunction with the aforementioned statement, the positive
relationship between physical asset risk management and physical asset lifecycle management supports
prior studies arguing that risk management is an effective tool in the decision-making process [71].
Indeed, our findings show that adopting PAM practices requirements in relation to risk issues can be
addressed in a much better manner, which is also an essential role of an asset management system [3].

Many authors (e.g., Schuman and Brent [11]; Komonen et al. [20]) also stressed the importance
of asset lifecycle management as a relevant task in asset management. Our findings support the
view of these authors by providing empirical evidence pointing to the importance of asset lifecycle
management in pursuing the performance benefits. In this regard, results are in line with prior
studies (e.g., Labuschagne and Brent [30]) which indicated that asset lifecycle management supports
organizations in their quest to achieve a higher sustainability performance. A more recent study by
Ihemegbulem et al. [72] even indicated that effectively managing assets over their entire lifecycle
phases is crucial in order to meet service delivery demands.

Moreover, our results support the conclusion of prior studies (e.g., Parida [16]; Ratnayake and
Markeset [48]) that performance assessment is key for effective decision-making. Accordingly, our results
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showed that the monitoring and evaluation is a process that helps to improve performance and
achieve the desired results. In support, Epstein [73] indicated that corporate social and environmental
expenditures are increasing rapidly and the need to identify and manage these impacts has become
critical. As such, our results regarding the link between physical asset performance assessment and
performance output (in terms of social and environmental benefits) prove that companies implementing
PAM practices should expect higher performance. As such, an asset management system supports an
organization in their quest to manage environmental and social risks.

Finally, yet importantly, our model may provide plausible explanations for the wide range of results
found in the literature regarding the relationship between environmental performance, social performance,
and economic performance. Although we explored the performance benefits from the perspective of
physical assets, our results nevertheless contribute to the literature suggesting environmental and social
performance has a positive impact on its financial performance (e.g., Orlitzky et al. [38]; Nakao et al. [74]).

5.1. Implications for Theory

This research contributes to the literature on RBT by developing a better understanding of the
relationship between PAM practices and sustainability performance. Our results presented empirical
evidence that companies can benefit from PAM in terms of better performance outcome. As such, this
paper makes important contributions by developing a theoretical framework and providing empirical
results that contribute to the academic research, as well as providing practical insights for managers in
the field of asset and maintenance management.

The key theoretical implication of the paper is the development of an empirically based framework
for analyzing the relationship between PAM practices and sustainability performance. As such,
this research presents the first attempt to empirically test the relationship between PAM practices and
sustainability performance. Thus, this research significantly contributes to the literature on PAM.

Moreover, this research provides a valid and reliable set of measures for operationalizing
PAM. A set of practices for managing assets effectively over the different stages of their lifecycle
taking into account economic as well as performance and risk measures are proposed. Therefore,
the present research provides empirical evidence to support the underlying factor structure of the PAM
practices identified in the literature. As such, our analysis shows that the dimensions proposed by
EFNMS–EAMC [55] fit this research dataset fairly well. The development of the scales for measuring
PAM is deemed important for the further development of PAM research.

5.2. Implications for Practice

From a practical perspective, this research has several managerial implications. Despite the
increasing popularity of PAM, the role of PAM practices in achieving better sustainability performance
is still not sufficiently examined. In this regard, the theoretical arguments and empirical results confirm
that companies pursuing PAM practices could meet their performance improvement expectations.
Further, the empirical validation of the PAM construct recommends to managers which practices
to focus on. As such, this research proposes a set of good practices related to risk management,
performance assessment, lifecycle management, and practices concerning the development of PAM
policy and strategy. It clearly indicates the areas in which managers should focus on in order to enhance
sustainability performance. Another important point regarding PAM is that it affects all areas of the
business (e.g., engineering, maintenance, safety, etc.). This is essential information for companies
that want to adopt PAM and/or to be certified according to ISO 55001:2014 requirements. Finally,
our research strongly emphasizes the need to recognize the role of PAM practices in achieving a key
competitive edge.

6. Conclusions

This study presents empirical research, which examines the impact of PAM practices on
sustainability performance. As such, our findings provide empirical evidence that PAM practices
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significantly and positively contribute to sustainability performance. Therefore, by and large,
this research supports the positive argument concerning the applicability of PAM practices in
asset-intensive industries. This research contributes to the literature by demonstrating the validity of
the PAM construct and its relationship with sustainability performance.

As such, this paper presents a unique and novel contribution in the field of PAM. To the best of
knowledge, this research is the first empirical test for examining the relationship between PAM practices
and sustainability performance. It develops a valid and reliable set of measures for operationalizing
PAM. Research on this will help researchers and practitioners to understand the role of PAM in
achieving superior sustainability performance. In this regard, this study offers a solid foundation for
further research on PAM.

6.1. Future Research

Although the research on PAM contributes to both academia and practice, we acknowledge several
limitations that open-up avenues for further research. Considerable future research is necessary to
replicate or extend the results presented in this research here. Therefore, future studies should revalidate
the measurement scales. One limitation is that, although the measurement scales used in the paper are
developed based on a comprehensive literature review, they capture only limited dimensions of PAM
and performance outcomes. For example, social performance was limited to employee-related practices.
Future studies could extend social performance scales and included external social impacts. Given
the cross-sectional nature of the study, one should take caution in interpreting the causality between
PAM practices and sustainability performance. As such, we see a compelling need for longitudinal
studies that can improve the findings of this study, especially in capturing the dynamic change of
PAM practices deployment and corresponding changes in performance outcomes. Further, apart from
sustainability performance used in this research, future studies could explore the link between PAM
and other aspects of performance (for instance exploring the impact of PAM on operational and quality
performance). It has been widely accepted that production must follow sustainable development
goals. In this regard, future studies could focus on the integration of sustainability aspects into PAM
activities. Moreover, it should be recognized that there are possible sources of bias regarding the sample
distribution. Indeed, sample characteristics determine the research settings and potentially affect both
the internal and external validity of the study results [75]. Accordingly, future studies could utilize
a stratified random sampling in order to improve the homogeneity of a sample. Furthermore, future
studies could increase the generalizability of the results by considering additional methods through
which the effect of the extraneous variables can be controlled.

6.2. Concluding Remark

This paper discusses the PAM construct and its link to the sustainability performance. The paper
provides the research model for what we hope could further stimulate empirical research in the field
of PAM and sustainable development. Accordingly, the developed constructs can be used in a variety
of empirical research settings. We encourage researchers to build on the concept of PAM and further
endeavor their efforts in explaining why some organizations gain more benefits than others from being
engaged in PAM practices.
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Appendix A

Table A1. Questionnaire items and outer model assessment statistics for PAM practices.

Weight Loading Communality Redundancy

Physical asset management policy and strategy (LV1)

We apply asset management policy 0.241 0.669 0.448 0.0000

We develop asset management objectives 0.323 0.874 0.764 0.0000

We execute asset management strategy 0.316 0.881 0.776 0.0000

We undertake analyses of asset management policy to
determine future production capacity 0.331 0.840 0.706 0.0000

Physical asset risk management (LV2)

Risk management is an integrated part of asset
management strategy 0.212 0.850 0.723 0.3607

We perform risk assessment in order to minimize
business losses 0.215 0.877 0.769 0.3835

We embed risk into all activities which could affect
assets performance 0.174 0.846 0.715 0.3567

We analyze equipment failure causes and effects to
address risk 0.202 0.838 0.703 0.3507

We analyze operation, production, quality and logistic
process and address risk 0.191 0.833 0.694 0.3461

We analyze IT-system, business system, human
resources, competence, etc. and address risk 0.189 0.825 0.680 0.3395

Physical asset lifecycle management (LV3)

We evaluate capital expenditure requirements
considering whole lifecosts of ownership 0.201 0.706 0.498 0.2600

We assure quality of our assets during the whole
lifecycle phases 0.226 0.768 0.589 0.3076

We assure execution of maintenance processes within all
assets’ lifecycle phases 0.239 0.786 0.618 0.3224

We continuously rationalize our assets to reduce
production cost 0.177 0.730 0.533 0.2783

We continuously modernize our assets in accordance
with our renewing/revision plans 0.213 0.785 0.617 0.3219

We execute disposal of assets in accordance with the
asset management plan 0.252 0.794 0.630 0.3291

Physical asset performance assessment (LV4)

We exploit information systems to support asset
management activities (ERP, CMMS, AMS,
or similar ones)

0.127 0.654 0.427 0.2278

Company collects and analyses data related to asset
management activities 0.130 0.709 0.502 0.2676

We exploit asset history to enhance asset knowledge 0.135 0.774 0.599 0.3191

We undertake benchmarking to support asset
management activities 0.143 0.788 0.621 0.3309

We monitor condition of critical assets 0.167 0.801 0.641 0.3418

We regularly review overall efficiency of asset
management activities 0.141 0.793 0.630 0.3356

We regularly review overall effectiveness of asset
management activities 0.147 0.830 0.689 0.3675

We monitor key performance indicators (KPIs) to verify
the achievement of organization’s asset
management goals

0.147 0.836 0.699 0.3728

We proactively pursue continuous improvement of asset
management activities 0.152 0.770 0.593 0.3162
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Appendix B

Table A2. Questionnaire items and outer model assessment statistics for sustainability
performance dimensions.

Weight Loading Communality Redundancy

Environmental performance (LV5)

Resource consumption (thermal energy, electricity,
water) has decreased (e.g., per unit of income, per unit of
production, etc.) during the last 3 years

0.477 0.835 0.698 0.2053

Percentage of recycled materials has increased during
the last 3 years 0.452 0.838 0.703 0.2069

Waste ratio (e.g., kg per unit of product, kg per
employee per year) has decreased during the last 3 years 0.330 0.674 0.455 0.1339

Employee-related social performance (LV6)

Turnover ratio has decreased during the last 3 years 0.425 0.683 0.466 0.0371

Employees’ satisfaction has increased during the last
3 years 0.390 0.762 0.581 0.0462

Employees’ motivation has increased during the last
3 years 0.495 0.834 0.695 0.0553

Economic performance (LV7)

Return on investment (ROI) has increased above
industry average during the last 3 years 0.254 0.704 0.495 0.0771

Return on assets (ROA) has increased above industry
average during the last 3 years 0.299 0.849 0.721 0.1122

Sales growth has increased above industry average
during the last 3 years 0.247 0.841 0.706 0.1100

Profit growth rate has increased above industry average
during the last 3 years 0.226 0.801 0.642 0.0999

Market share has increased during the last 3 years 0.235 0.759 0.577 0.0898
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